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Hoechst Marion Roussel Deutschiand QnriiH 



HMR199d/L043 



Ethyl (2S)-2^naphthal©ne-1-su!fonylamino)-^4-(2-{1,4,5.6-tetrahycffopyrlmldln-2- 
ylcarbarnoyl}ethyl)benzoylamino)propionate hemifurnarate, a proeeaa and 
5 intermediates for its preparation, and ha useias a phannaoeutlcal 



The present invention relates to ethyl (2S)-2j(naphthalene-1-8ulfonylamlno)-3-(4-(2- 

(l,4,5,6-tetrahydropyrlmldln-2-ylcarbamoyl)^hyl)t)enzoylamlno)proplonale 
hemiflimarate of the formula i, 

10 •' ' 




o4=0 . * HO 




OH I 



15 



20 



and to a process for Its preparation comprisiing reacting 4-{2-(1 . 4,5,6- 
tetrahydropyrimldin-2-ylcarbamoyl)ethyl)benf olc acid or a derivative 'thereof and ethyl 
(2S)-3-amino-2-(naphthalene-1-8ulfonylamlnb)proplonati. The compound of the 
formula I is a valuable pharmaceutical whlch,can be used, for example. In the 
treatment or prophylaxis of diseases which cwn be influenced by Inhibiting the 
vitronectin receptor, in particular of bone diseases such as osteoporosis. The 
invention furthermore relates to chemical intermediates usefUl for the preparation of 
the compound of formula 1. 



Bones are subject to an ongoing dynamic reiliovation process comprising bone 
resorption and bonefamiation. In c ertain borte diseases like osteoporosis bone 



resorption predominates over bone formatioii thus leading to lower bone mass and 
25 enhanced fragility. Bone resorption and bone formation are controlled by types of cell 
specialized for th se purposes. Bone resorp^on is based on the destruction of bone 
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matrix by osteoclasts. Activated osteoclasts become attached to the surface of the 
bone matrix and secrete proteolytic emymes and acids which cause the destmction 
of the bone. The atta^ment of osteoclasts tb the bones, and thus bone resorption, is 
controlled by vitronectin receptors av3a on the cell surface of osteoclasts, cl^s In this 
5 case binds to bone matrix proteins such as osteopontin, bone sialoprx)tein and 
thrombospontin. Antagonists of av^^ inhibit the attachment of osteoclasts to the 
bones and thus bone resorption as has been shown, for example, in In vivo 
experiments described by Fisher et al., Endocrinology 132 (1993) 1411; Yamamoto 
et al., Endocrinology 139 (1988) 1411; or Miller et al., Bioorg. IMed. Chem. Letters 9 
10 (1999)1607. # 



The vitronectin receptor ajj^ is a membrane; glycoprotein belonging to the 
superfamily of integrin receptors, and besides on osteodasts is expressed on the ceil 
surface of other ceils such as endothelial cells, ceils of the vascular smooth 

1 5 musculature or tumor ceils and controls interaction processes in which such ceils are 
involved, in addition to inhibiting bone resorption ovPs antagonists are therefbre 
capable of influencing other processes such«s tumor growtfi and metastasis, 
arteriosclerosis, angiogenesisor infiammatioin, and in general a«p3 antagonists are 
suitable for the therapy and prophylaxis of diseases which are based on the 

20 interaction between vitronectin receptors and Uieir ligands in oeil^li or cell-matrix 
interadion processes or which can be prevented, alleviated or cured by influencing 
this interaction. ovPs as a therapeutic target and indications for ovPs antagonists are 
reviewed, for example, in IHiliis et al., Clinicaf Science 91 (1996) 639; Engleman et 
al.. Ann. Rep. Med. Chem. 31 (1996) 191; or Samanen et al.. Current Pharm. Design 

25 3(1997)546. 

For example. It has been shown by Yue et at, Pharmacol. Rev. Commun. 10 (1998) 
9: or Coleman et ai-. Circulation Rgg. 94 (1999) 1299. that antagoniste inhibit the 

migration of vascular smooth muscle ceils arid reduce neoirrtima fbrmation which 
30 leads to arteriosclerosia and restenosis after 'angioplasty. 
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it has also been shown that the vitronectin receptor ovPs is involved in the 
progression of a variety of types of cancer, and that a^i antagonists can cause a 
shrlnltage of tumors by Inducing the apoptodis of blood vessel cells duririg 
angiogenesis and can inhibit tumor growth and tumor metastasis (see, for example, 
5 Brooio et al., Cell 79 (1 994) 1 1 57; Carron et al., Canc er Res. 58 (1998) 1930; Yun et 
al., Cancer Res. 56 (1996) 1268; or above-rrtentioned references). The combination 
of ovfo antagonists with other known antlturrior treatments has been shown to act 
highly efficiently on tumors and metastasis (see Lode et ai., Proc. Natl. Acad. Sd. 
USA 96 (1999) 1591). 



10 



15 



Friedlander et ai., Science 270 (1995) iSOO.ihave described ovPs antagonists which 
Inhibit tlie bFGFH'nduced angiogenesis processes In the rat eye, a property which 
can be used therapeutically in the treatment of retinopathies and psoriasis. Storgard 
et al.. J. Clin. Invest. 103 (1999) 47, have described the use of ovPa antagonists in 
the treatment of arthritic diseases. 



20 



Influencing the vitronectin receptor otvPs or th(e interactions in which it Is involved thus 
offers the possibility of influencing different disease states for whose therapy and 
prophylaxis there continues to be a need for stable pharmaceutical active 
ingredients . 



25 



Various integrin antagonists induding a^itagonists have already been described. 
Exemplariiy there may be mentioned the compounds described in EP-A-^oggi, 
European Patent Application 99102916.6, WCKAWI9046, WO-A-94/12181. WOnA- 
95/32710. WO-A-88/00395, W0^9B/23451 or WOA-99/32457. Certain 
sulfonamide derivatives which are particulariy strong ovps antagonists and inhibitors 
of bone resorption are described in Intematldnal Patent Application PCT/EP99/00242 
and i ts oorroopondino a ppliootion s . S aid su l fanamid e d e rivative s includ e (2S) - 2 - 



(naphthalene-1-sulfonylamlno)-3-(4-(2-(1,4,5,6-tetrahydropyrimldln-2- 
30 yicari3amoyl)ethyl)benzoylamino)propionic add and esters thereof. Ethyl (2$)-2- 
(naphthalene-1 -sulfonyiamino)-3-(4-(2-( 1 ,4,5 ■6-tetrahydropyrimldin-2- 
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i 
I 

ylcarbamoyl}ethyl}benzoyjamino)propionatelwhich in vivo is hydrolyzed to the 
actually ovPa antagonistic (2S)-2<KnaphthaleAe-1-sulfonylamino)-3-(4^2-(1. 4.5,6- 
tetrahy(topyrimidin-2^lcarbamoyl}ethyl)ber^oylainino)propionIc acid, exhibits an 
especially favorable pharmacological profile] 



By the process of preparation described in lifitemational Patent Application 
PCT/EPS9/00242, the ethyl (2S)'2-(naphthajene-1-5ulfonylamino)-3-(4-(2-( 1,4,6,6- 
tetrahydrcpynmidin-2-ylcarbamoyl)ethyl}benkoylamino}propionate is obtained as 
hydrochloride salt. However, it turned out th^t the hydrochloride salt which in the 

10 process of International Patent Application HcT/EP99/00242 is isolated by H 
concentrating a solution of the free ester in hydrochloric add and subsequently 
iyophilizing, cannot be isolated or purified by! crystallization or at least precipitation. 
Consequently, the hydrochloride salt of ethyl (2S}-2-(naphthalene-1-sulfonylaniino}- 
3-(4-<2-(1,4.5,6-tetrahydropyrimidln-2-yioarbknnoyl}ethyl)benzoylamino)propionate 

15 can scarcely be used as pharmacologically ictive drug substance in pharmaceuticals 
for whose constituents the legislator stipulates predsely defined degrees of purity, 
and as target isroduct in an industrial synthesis as in the processes for preparing, 
isolating and purifying a drug substance llkeyi/ise conditions and operating 
procedures have to be adhered to wrtiich araiprecisely defined by legal guidelines. 

20 Salts of ethyl (2S)-2-<naphthatene-l >sulfonyljimino)-3-(4<2-(1 ,4,5,6- 

tetrahydropyrimldin-2-yicarbamoyl)ethyl)ben^oylamino)propionate with various other ^ 
acids, too, cannot be crystallized or at least precipitated, and they similarly could thus 
not be prepared on an industrial scale in a feasible, cost and labor effective manner. 
The object of the present invention is to provide ethyl (2S)-2-(naphthaiene-l- 

25 sulfonylamino)-3-{4-{2-{1 ,4,5,6-tetrahydropyr|midin-2- 

ylcari>amoyl)ethyl)benzoy[amino)propionate In a suitable form which allows an easy 
isolation and purification of the compound arid which makes it possible to adhere with 

ease to the required degrees of purity and m^et the demands associated with an 

industrial synthesis, as well as the gal nic demands. 

30 

This object is achieved, surprisingly, by provijding the hemrfumarate salt of ethyl (2S)- 
2-(r>aphthalene-1 -sulfbnyiamino}-3-(4-(2-(1 .4l5.6>tetrahydropyrimidin-2- 



ylcarbamoyl)ethyl)benzo/lamino)propionate:whi^ contains the ethyf (2S)-2- 
(naphthalene-1 -suffonylamino)-3-(4-(2-(1 ,4,5,6-tetrahydropyrirriiclin-2- 
ylcarbamoyl}ethyl)benzoylamino)propiondte:and fumaric add in a molar ratio of 2:1 
<or approximately 2:1), I. e. which contains 1/2 (= 0.5) (or approximately 1/2) mol of 
5 fumarfc acid per mol of ethyl (2S)-2-(naphthalene-1 -sulfonylamino)-3-(4-(2-(1 ,4,5,6- 
tetrahydropyilmidin-2-ylcarbamoyl)ethyl)benzoylamino}propionate. Thua» a aubject of 
the present invention is efh^ (2S)-2-<naphthalene-1 ^ifonylamine)-3-(4-(2-<1, 4,5,6- 
tetrahydropyrlrnidirt-2-ylcarbanr)oyl)ethyl}benzoylamlrio)propionatehemlftiifiaFateof 
the fonnula I. 



10 




The specific salt of the formula I possesses advantageous physicochemical 
properties tike non-hygroscoplclty and stability which ooidd not be foreseen. It can be 
15 easily Isolated by precipitation, for example ft'om the reaction solution obtained in Ihe 
synthesis process, and if a purification Is desired it can be predf^tated under defined 
conditions, for example from a solution in ethanol. The compourKf thus fliilfils the 
legal and technical demands on a drug substance. 



20 The compound of the formula I can be prepared according to conventional 

procedures for the preparation of acid addition salts by combining the -free ethyl (2S)- 
2-(naphthalene-1 -suifonyiamino)-3-(4-{2-(1 ,4,5,6-tetrahydropyrimldin-2- 

ylcart)amQyl)ethyl)benzoylaminQ)prnpinnatB whifih may he nhtainad as an in situ 

intermediate as described in international Patent Application PCT/EP99/00242. with 

25 ak)Out 0.5 mol of fUmaric add per mol or an aippropriate excess, for example about 
0.55 or 0.6 mol of fumaric add per mol, in a solvent or diluent, r it can be prepared 



from another salt of ethyl (2S}-2-<naphthalene-l-8ulfonyJafnino)-3K4-(2-(1i4,5,6- 
tetrahyciropyrimidin-2-ylcarbamoyl)ethyl)benzoylamino)propionate which may be 
obtained as an synthetic intemiediate, by anion exchange. Preferably the compound 
of the formula I is prepared by a process which comprises a new synthetic strategy 
5 for the preparation of ethyl (2S)-2-(n8phthalena-1-sulfonylamino)-3-(4-(2-(1 ,4.5,6- 
tetrahydropynmiain-2-yicarbamoyi)ethyi}benzoylemlno}propionate, followed by 
conversion of the latter into the hemifumarate of the formula I. This new process 
which provides the desired compound by a simple convergent procedure in a high 
yield and which is outlined in the following, Is another subject of the present 
10 invention. 

The new process which allows the preparation of ethyl (2S)-2-(naphthaiene-1> 
8ulfonylamino)-3-(4-<2-(1,4,S,6-tetrahydropyrlmldln-2- 

ylcarbamoyi)ethyl}benzoylamino)propionate of the formula IV and salts thereof. In 
15 particular of the hemifumarate of the formula I. Is characterized by a condensation 
step in which 4-<2-<1.4.5.6-tetrahydropyrimidjn-2-ylcarb8moyl)ethyl)benzoie acid or a 
derivative thereof of the formula II and ethyl (2S)-3-amino-2-(naphthalene-1- 
8ulfbnylamino)propionate of the formula lit, dr a s^ or salts of any one or both of 
tfiese compounds, are reacted. The compound of the fbrmuia IV thus obtained can 
20 subsequently be converted into an acid addition salt by employing an acid, for 
example by empioybig fumaric add for the preparation of the compound of the 
fonnula i. 
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The group COX in the compounds of the formula 11 can be the carboxylic add group 
COOH or a reactive carboxyilc add derivative, for example a carboxyilc acid halide 
such as the carbo}Qrllc add chloride or the carboxylic add bromide, a reactive 
carboxyilc acid ester like an appropriate aryl ester such as the phenyl ester, the p- 
nltrophenyi ester or the pentafiuorophenyl ester, a carboxyilc add azolide such as the 
imidazollde, or a group which usually is present only es an intermediate in solution 
like a mixed anhydride, for example a mixed carbonic add anhydride obtained from 
the carboxylic add and isobutyl chloroformate, or an activated ester like the 1- 
hy d r o xy b en z otrl az o l yl ester o r N - hydroxy« u cclnimidyi e s t e r , X i n th e fonrtula i thu s 
can be hydroxy or a leaving group, for example, hydroxy, chlorine, bromin , 
unsubstituted or substituted phenyl, isobutoxycarbonyioxy, etc. Preferably X is 
hydroxy or chlorine, more preferably dilorlnej 
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Salts as which the compounds of the fomnulde II and III may be employed rn the 
reaction can be, for example, hydrohalldes such as the hydrochloride or 
hydrobromide, salts mfh other inorganic acids like sulfuric acid, or salts with organic 
5 carboxylic acids or sulfonic acids like trifluoroecetic add or p-toluenesulfonie acid. It 
may be advantageous to employ a compound of the formula II and/or a compound of 
the formula III in the form of a salt because ih their preceding preparation the 
compounds of the fomiulae II and/or III are obtained as a salt and an additional step 
is to be avoided, and/or the salt can easier be handled in an industrial process, 

10 and/or the salt is more stable than the respective free compound. For example, if in 
the preceding preparation of the compound of the formula lit the ethyl ester grcup is 
obtained from the respective carboxylic acid by esterification with ethanoi in the 
presence of an add like hydrogen chloride or sulfuric add, the compound of the 
fomnula III is obtained as add addition salt oh the amine moiety with that acid, and 

1 5 moreov«r as such a salt the compound of the formula III Is more stable during 
storage than the free amine. Similarly the compound of the formula II in which X is 
chlorine, fbr example, may be obtained In its preceding preparation in the fOrm of the 
hydrochloride salt of the guanidlne moiety, and as such a salt may be more stable 
and easier to handle. Preferably the compound of the fbrmula III is employed in the 

20 reaction with the compound of ^e formula II as a salt, In parflcuiar as the 

hydrochloride salt. In case X is chlorine or bromine the compound of the formula 11, 
too, is preferably employed as the respective hydrohatide salt, far example as the 
hydrochloride salt, in case X is hydroxy the compound of the formula 11 may be 
present as an Inner salt (or betaine or zwitterion) containing a negatively charged 

25 carboxylate group and a positively charged guanidinium group, which type of salt is 
also induded in the present invention. 

The reaction of the compounds of the formulae II and III to give the compound of the 
formula IV is performed under usual conditions for the formation of an amide from an 
30 amine and a carboxylic add or a derivative ther of which are well known to one 
skilled in the art, induding the methods and (Editions known from peptide 
chemistry. Details of such reactbns can be fbund in standard references like 



J1rQ:?-1999. 
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Houben-Weyl, Methoden der organischen Chemie (Methods of Organic Chemistry}. 
Georg Thieme Veiiag, Stuttgart, 1974; or J. iy/larch, Advancad Organic Chemistry, 
Third Edition, John Wiley & Sons, 1985. 



5 When the compound of the formula II in whi<th COX is COOH is employed in the 

reaction it is usually tirst aoivaiea in siiu wttn a common activating agent for 

carboxyllc adds such as, for example, a carbedlimide like N,N'- 
dicydohexyicarbodiimide or N.N'-diisopropyicarbodiimlde, a uronlum salt like O- 
((cyano(ethoxycarbonyi)methylen}amino}-N , N , NMsT-tetramethyluronium 

1 0 tetrafiuoroborate (TOTU) or 0-(7-azab8nzoti!iazol-1 -y)-N. N,N'.N*-tetramethyluronium 
hexafluorophosphate (HATU), or propyl phosphonfc anhydride. The activation can 
also be carried out to give as an in situ intermediate one of the compounds of the 
fbrmuia il already mentioned above, for example an imidazolide by reaction with 1,1'- 
eart>onyidilm?dazole, or a mixed carbonic adid anhydride by reaction with an all^ 

IS chloroformate. or an add halide like the acid chloride by reaction with a ohl^nating 
agent such as thionyl chloride or oxeiyi chloride. The activation cm be performed 
under standard conditions. For example, the! activation with an alkyi chloroformate, a 
carlxidiimide or a uronium salt is usually canled out in an inert aprotfc solvent, fbr 
example a hydrocartxxn or chlorinated hydrocarbon like toluene or dichloromethane, 

20 an ether like tetrahydrofuran, dioxane or dimethoxyethan, an ester like ethyl acetate, 
an amide like N,N-dimethylfOrmamide or N-rReth)Hpyrrolidone or a nitrite like 
acetonitrile, or a mixture of such solvents, at temperatures from about -10*0 to abMit 
room temperature. The activated carboxyllc add is then reacted with the compound 
of the fomnula ill, usually at temperatures from about -10"C to about room 

25 temperature. Usually the activation and the siubsequent readion with the compound 
of the formula III are carried out in the presence of a base like, for example, a tertiary 
amine such as triethylamine, N.N-diisopropyfethyiamine or N-methylmorpholine 
which base also liberates the free amine of the formula lit in case a salt thereof is 
mployed, and ensures that finally the free compound of the formula IV ia present. 

30 Ti>e mention d bases and solvents lik the mentioned hydrocartons. ethers, amide 
or nitriies may also be used when a compound of ttie formula II in which COX is a 
carboxyiic acid eater is reacted with the compound of ttie formula III or a salt thereof. 
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such a reaction usually being carried out at temperatures from about 0*C to about 
BO'C, 

When a compound of the formula II is employed in which X is chlorine or bromine, in 
5 particular chlorine, besides in solvents like l^rocarbons or chlorinated hydrocarbons 
such as toluene, chloroffomi or dichioromethane, ethers such as tetrahydrofuran. 
dioxane or dimethoxyethan, esters such as ethyJ acetate, amides lil« N.N- 
dimethylformamide or N-methylpyrrotidone or nitriles such as aoetonitrile. or mixtures 
of such solvents, the reaction can also be carried out In water or a mixture of one or 
10 more of the mentioned solvents end water, and particularly favorably It is carried out ^ 
in a two phase system of water and an organic solvent which is substantially 
immiscible with water, for example in a mixture of a hydrocarbon or chlorinated 
hydrocarton, for example dichioromethane, and water or in a mixture of an ester, for 
example ethyl acetate, and water. 

15 

in ord^ to obtain the free compound of the formula IV a compound of the formula II 
in which X is chlorine or bromine is usually reacted with a compound of the formula III 
in the presence of a sufficient amount of a base which scavenges the hycfa^gen 
halide that is produced in the reaction, and which also liberates the free amine in 

20 case a salt of the compound of the formula III is emfrioyed. Besides tertiary amines 

iilw, for example, triethylamine or pyridine aiso inorganic bases can favorably toe ^ 
used, for example hydrogen carbonates like sodium hydrogen carbonate or 
potassium hydrogen carbonate, carbonates like lithium cart>onate, sodajm carbonate, 
potassium carbonate, cesium carbonate, magnesium carbonate or caldum 

25 carbonate, or hydroxides like sodium hydroxide, potassium hydroxMe or calcium 
hydroxide, or mixtures of such bases. In particular when the reaction is carried out in 
the presence of water the use of an inorganic base is preferred. Depending on the 
intended technical details of a reaction of a compound the formula 11 in which X is 
chlorine or bromine with a compound of the formula III, certain bases and certain 

30 modes of introducing the base into the reaction mixture are particularly 

advantageous. For example, in case a hydrogen carbonate is to be used in a two 
phase system It may be preferred to introduce the whol amount of the base at the 



11i 



beginning whereas in case a hydroxide is toibe used it may be prefen^ed to add the 
base gradually during the course of the reaction. It may also be favorable to add the 
base in such a manner that a certain pH range, for example a pH from about 5 to 
about 10, in particular from about 7 to about is maintained during the reacUon of a 

6 compound of the formula II in which X is chlorine or bromine with a compound of the 
formula III. 

The reaction of a compound of the formula ii in which X is chlorine or bromine with a 
compound of the formula ill is usually carrieei out at temperatures from about 0*C to 
1 0 about 40*C, preferably at temperatures lirom: about 1 0"C to about 30*C, in particular 
at about room temperature. 

In general, depending on the speofic mode of reaction the molar ratio of the 
compounds of the formulae II and III is usually from about 1 .1:1 to about 1:1.1, 

1 5 preferably about 1:1. The compound of the formula II can be Initially Introduced, in 
particular if the compound of the fomnula II is employed in which X is hydroxy and 
which first is to be activated, and the compound of the formula III subsequently be 
added in one or several portions or continuoely. Just so, the compound of the formula 
III can be initially introduced and the compound of the formula II can be added in one 

20 or several portions or contlnously, or botti components can also be metered 

simultaneously into the reaction vessel. The compounds of the formulae II and III can 
be employed in the form of solutions or suspensions or as solids. Depending on the 
details of the reaction, the reaction of the compounds of the formulae II and III is 
usually complete soon aft^ mixing of the reactive components, and stirring of the 

25 reaction mixture usually needs to be continued not longer than for a few hours, for 
example 0.5 to 8 hours. 

The workup of the reaction mixture depends on the specific manner in which the 
reaction is perfomned. In general, workup cari be carried out using conventional 
30 working steps like adding water and/or organic solvents, adjusting the pH, separating 
phases, performing extractions, washing, drying, filtering, evaporating, etc. In ease 
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the reaction of the compounds of the formula I is carried out in a water-immiscible 
organic solvmt worlojp is preferabi/ performed by adding water to give a two phase 
system, optlonaily adjusting a slightly basic piH, separating the phases, optionally 
extracting the aqueous phase, dr^ng and optionally concentrating or evaporating the 
5 organic phases. In an according manner the;workup Is preferably perfbrmed In case 
the reacfion is cameo out in a mixture or a wsater-immisciDie solvent ana water, in 
case the reaction is carried out in a water-mi^scible organic solvent the workup is 
preferably performed by first removing the solvent under reduced pressure, then 
adding a water-immiscible solvent and water to give a two phase system and 
1 0 proceeding as before. In all these preferred ^Ivorl^up procedures the free compound of 
the formula IV is directly obtained in the forni of a solution in an organic solvent or, If 
in the evaporating step the solvent is completely removed, in the fbrm of an 
evaporation residue which can then be dissolved In a desired organic solvent. 

16 For the preparation of a desired acid addition salt of ihe compound of the formula IV 
the obtained solution of the compound of the formula IV is combined with the desired 
add. The acid can be employed In pure form or in the fbrm of a solution or 
suspension, and eittier the add can be add^ to the solution of the compound of the 
formula IV, or the solution of the compound of the formula IV can be added to the 

20 add. The preferred amount of the add depends on the details of the spedfie salt 
formation. In case a 1:1 add addition salt is to be prepared the add is usually 
employed in a molar ratio of about 1:1 or in a molar excess from alMut 1.3:1 to 1:1 or 
from about 1.1:1 to1:1 where usually the molar amount of the add can conveniently 
be based on the molar amount of the starting compounds of the formulae (i or III. In 

25 case a 2:1 add addition salt containing two rnol of the compound of the fbrmuia I per 
mol of acid is to be prepared the add is usually employed in a molar ratio of about 
0.5:1 (i. e. 0.5 mol of the acid per 1 mot of the compound of the formula IV) or in a 
molar excess from about 0.65:1 to 0.5:1 or from about 0.55:1 to 0.5:1. If the resulting 
salt cannot be crystallized or precipitated from the solution it is isolated by 

30 evaporation or lyophilizatlon. and if desired ^e product is then subjected to 

purification procedures, if tiie salt crystallizes or can fc>e predpttated the solvent in 
which the salt formation is carried out, the amount of the solvent and the t mperature 
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are preferably chosen such that the crystaiiiTation or precipitation of the product 
starts from a clear solution. 

In case the hemifumarate of the compound of the fomula IV, i. e, the compound of 
5 the formula I, is to be prepared preferably about 0.5 mol of fumaric add, conveniently 
based on the molar amount of the starting compounds of the formula li or III, is 
added to the obtained solution of the compound of the fonnfiula iV. for example 
directly to Its dried and partially evaporated solution In dichloromethane if this solvent 
is used for the reaction of the compounds of ithe fomiulae II and III and/or for 

10 extractive workup. After confining the fumaric acid and the compound of the formula 
IV it may be favorable first to heat the mixture to give a clear solution, for example to 
about SO'C to 40X If dicNoromethane is used, from which solution upon cooling the 
compound of the fbrmula I starts to precipitate or can be precipitated. To complete 
precipitation the suspension msy be cooled, !fbr example to e temperature from about 

15 -1 0*C to about S'C or a temperature from about -5*C to about 0*C. and/br an 
additional solvent may be added in which th6 salt Is only slightly soluble. The solid 
hemifumarate of the formula I is then separated by filtration or centrifugation, 
washed, and if desired dried and/or purified. The product is obtained in high yield and 
high purify. 

20 

The starting compounds of the formulae II and III employed in the above reaction can 
be obtained as described in the following. The preparation of the ethyl (2S)-3-amino- 
2-<naphthalene-1-8utfonylaminc)propionate (^the formula ill or a salt thereof may 
start from ($)-asparagine (L)^8paragine} of the formula V which is readily 

25 available in optically pure form, In the compound of the formula V the amino group Is 
first suifonylated under standard conditions with a reactive derivative of naphthaiene- 
1 -sulfonic acid, for wcempie with naphthalene-1 -suifonyl chloride of the formula VI, 
usually in the presence of a base at temperatures from about 0*C to about room 
temperature. This reaction may conveniently; be carried out, for example, In a mixture 

30 of an onganic solvent and wat r, for exampie'a mixture of t trahydrofuran and water 
r of dimethoxyethan and water, using an alkali metal hydroxide as base, for 
example sodium hydroxide, with maintaining the pH in the aikalin range, for 
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example at about 12. The components can usually be employed In a molar ratio of 
about 1:1. 




VIII III 

5 

The carbamoyl group in the obtained succinamic add derivative of the formula VII H 
can then be converted into an amino group tp give the 3-amlnopropionic acid 
derivative of the formula VIJI by means of a Hofmann degradation, i. e. by the action 
of a solution of chlorine or bromine in aqueoijts alkali metal hydroxide, for example 

10 sodium hydroxide or potassium hydroxide, or of an alkali metal hypohalite which is 
the active ingredient in such a solution, in detail the Hoftnann degradation is 
preferably cam'ed out substantially as described below In the example section using 

bromine and soriii im hydroxide. foUnwing the method descrifaftd by Amato et at., J. 

Org. Chem. 63 (1998) 9533. The product of the formula VIII may conveniently be 

1 5 isolated from the aqueous reaction mixture by acidification to a pH of about 6.5 to 7 
at which the inner salt precipitates. 
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Esterification of the compound of ths formui6 Vtil to give the compound of the 
fom^ula 11 or a salt thereof can be carried out under standard conditions, for example 
with ethanol In the presence of an acid catalyst like gaseous hydrogen chloride or 
5 sulfuric 8cid at temperatures from about 20°C to the boiling temperature of ethanol. 
hrereraoiy in me aciaic estenncation process more than one equivalent of the add is 
employed so that the resulting aminoester of the fbnnula Vlli is present as the 
respective add addition salt which can easily be isolated and exhibits a higher 
storage stability. Preferabiy the esterification is done by passing hydrogen chloride 
1 0 gas into a suspension of the compound of the formula VII in ethanol and isolating the 
product in the fbmi of the hydrochloride of the compound of the fonnuia Vill. 



The preparation or the 4-(2-(1.4,5.6-tetrahyd'ropyrimidin-2-ylcarbamoyl}athyl)benzoic 
acid or derivative thereof of the formula il or ia salt thereof may start from 

1 5 commercially available 4-formyibenzolc add.of the formula IX Under standard 
conditions as described, for example, by Hu et al.. Bloorg. Med. Chem. 5 (1997) 
1873 the add of the formula IX is first converted into an appropriate ester, for 
example with a benzyl halide like benzyl bromide into the known benzyl ester of the 
formula X To achieve such an 0-alkylation usually the add and the benzyl halide are 

20 reacted in a solvent or diluent, for example in an amide like N,N-dimethyifonmamide, 
in the presence of a base like, for example, jiotassium cart>onate at room 
temperature or elevated temperature. The benzyl ester of the formula X can be 
directly used in the subsequent step in crude form without further purification. 

25 The ester of the formula X is then condensed with malonic acid under the conditions 
of the Knoevenagel reaction to give the dnnamic add derivative of the formula XL 
When carried out under the classic conditions of the Knoevenagel condensirtion in 
pyridine in the presence of piperkiine under reflux the yield of the resulting compound 
of the formula XI is higher than 95 % (based on the formyibenzoio add of the formula 

30 IX). . 




To allow a smooth reaction with 2-aminopyrimidine of the formula XII to givo the 
benzyl 4-(2-(pyriml€lin-2-ylearbamoyl)vinyf}benzoate of the fomiula Xin, the 
5 carboxylic add moiety In (he compound of the fbmnula Xil Is expediently first 
activated or converted into a more reactive carboxylic add derivative. The above 

explanations with regard to the activation or the carboxylic add of the formula II In 

which X Is hydroxy correspondingly apply to the activation of the compound of the 
formula XI. In a preferred manner, the comp und of the formula Xi is converted Into 

10 an acid halide, in particular into the acid chloride, i. e. Into the compound of the 
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formula XI in which the group COOH is repidced with the group COCI. with a 
chlorinating agent such as thionyl chloride or oxaiyi chloride under standai^ 
conditions. The acid of the formula XI may be reacted, for example, with an excess of 
thionyl chloride, if desired in an inert solvent- liite a hydrocarbon or chlorinated 
5 hydrocarbon such as toluene, until the evolution of sulfur dioxide and hydrogen 
chloride ceases. Following removal of the solvent and/or the excess thionyl chloride, 
the coide add chloride (or another reactive derivative of the compound of the formula 
XI that i8 employed instead of the acid chloride) Is then reacted with 2' 
aminopyrimidine under conventional conditions for the formation of an amide. The 

1 0 above explanations with regard to the reaction of the compounds of the formulae II 
and III correspondingly apply to the present reaction. Usually the reaction is carried 
out in the presence of a base, in the present case in particular a tertiary amine like 
iriethylamine or preferably pyridine, in an inert solvent or diluent such as, for 
example, a hydrocarlran or chlorinated hydrocarbon like dichloromethane or an ether 

15 or ester at temperatures from about -10X to about 20'C. 

In the obtained compound of the formula Xlli then the carbon carbon double bond in 
the CHsCH-CO-N moiety is reduced to a single bond, the heteroaromatie pyrimidin- 
2-yl moiety is reduced to a 1,4.5,6-tetrahydropyrimklin-2-yl moiety and the benzyl 
ester group is deaved to give the 4^2-(1,4,6',6-tetrahydropyrimldin-2- 
ylearbamoyl)ethyi)benzoic add of the formula XIV. These three conversions can be 
adileved simuKaneousiy in a single reaction 'step, namely by a catalytic 
hydrogenation. It is therefore preferred to proceed in the synthetic strategy of the 
present invention via the benzyl ester compounds of the fomnulae X, XI and XHl and 
perform the conversion of the compound of the formula XIII into the compound of the 
fomiuia XIV induding ester cleavage by catalytic hydrogenation. 

The catalytic hydrogenation of the compound of the formula Xlli or a salt thereof to 
th compound of the formula XIV is preferably carried out in the presence of a 
90 conventional noble metal catalyst, for exampie a palladium, rhodium or platinum 
catalyst, In particular in the jsresenoe of palladium on charcoal. TTie amount of the 
catalyst depends on the details of the readion and the desired reaction rale and may 
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be, for example, 0.5 to 5 mol*% (based on the compound of the formula XIII). As 
solvent or diluent one or more solvents like acetic acid. (Ci-C4)-alcohol8 su^ as 
methanol, ethanol or isopropanol, in pertlcuibr Isopropanol, ethers such as 
tetrahydrofuran or dioxane, or water may be: used, for example a mixture of acetic 
5 acid with one of the solvents water, isopropanol and dioxane, in particular a mixture 

of ^661*6 aad ahd Wattf. It 18 fiffef errfed to tSitt^ m Wfe ftyawfl6rwffi6rt Of tft6 

compound of the formula Xtll at an acidic pH in the presence of a carboxylic add lite 
acetic acid wtilch may also function as a solvent, or an Inorganic add like 
hydrochloric add or sulfuric add. Preferably a weak add like acetic add is employed. 

10 The choice of the hydrogen pressure depends on the available technical equipment 
and can be about 1 bar, or up to about 2 bar:, or up to about 5 bar, or higher. The 
hydrogenation is usually carried out at temperatures from about 20*0 to about 60**C. 
After removal of the catalyst the product of the formula XIV (which also Is the 
compound of the formula II In which X is hydroxy) is isolated by conventional 

IS methods, in case the hydrogenation is carried in the presence of a strong add like 
hydroditoric add or sulfuric acid preferably the product is completely converted into 
the respective add addition salt of the oompbund of the formula XIV. or the add is 
neutralized and the product is completely converted into the (i-ee compound of the 
fonnnula XIV (which may be an inner salt). 

20 

For the preparation of a confound of the fonnula II in which X Is chtorine or bromine 
the compound of the formula XIV is converted into the cartica^lic add halide k>y a 
conventional chlorinating agent, for example thionyl chloride, oxalyl chloride or oxaiyl 
bromide. Preferably the compound of the forinula XIV is converted into the add 

25 chloride, i. e. the compound of the formula 11 iin which X is chlorine, by reaction with 
an excess of thionyl chloride, for example 1 .2 to 2 mol thionyl chloride per mol of the 
compound of the formula XIV. An excess of thionyl chloride may also be used as 
solvent or diluent, or an inert solvent or diluent like a hydrocarbon or a chlorinated 
hydrocarbon such as toluene or dichloromethane may be added v^ich, together with 

30 the excess thionyl chloride, after completion of th reaction is removed in vacuo. The 
reaction is usually candied out at elevated temperatures from about 4D*C to ab u( 
100"C. The hydrogen halide that is formed during the transfotYnation of the 
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compound of th. formula XIV into an acid halide is bound by the basic guanidlne 
moiety in the molecuJe to give the hydrogen hafide addition salt The add halide is 
preferably leoiated in the form its solid hydrajgen halide salt which can directly be 
employed in the reaction with the compound of the formula III as explained above. 

S 

As a whole, the above-described process fof the preparation of the compound of the 
fbrmula I from the compounds of the formulae li and III, taken together with the 
above-described processes for the preparation of the starting compounds of the 
fonnulae II and ill. provides the compound of tlie formula I in a simple manner and In 
1 1 0 an exceptional high overall yield from readily available starling materials. Among the 
potential strategies lOr building the molecule of the fonnula I (or the formula IV} the 
unique way in which In the present process Small building blocks are assembled to 
certain intemnediales whfdi are then combined to give the final target compound, 
thus proves to be particularly successful. At any rate the yield obtained in the present 

15 process is considerably higher than the yield of the compound of the formula I that 
woukj be obtainable if the process of International Patent Application 
PCT/EP99/00242 would be followed for the preaparation of the intermediate 
compound of the formula iV, and the present process is simpler and better applicable 
on an industrial scale than that of International Patent Application PCT/EP99/00242. 

20 To a considerable amount the advantages of the present process are based on the 
use of the key intermediates of the formulae 11 and XIV, I, e. on the use of 4-(2- 
(1,4,6,6-tetrahydropyrimidin-2-ylcarbamoyl)ethyl)benzoic add and its derivatives, and 
on the favorable process fOr their preparation, in particular the simple preparation of 
the compound of the fomfiula XIV by hydroganation of its precursor of the formula Xlll 

25 which in one step accomplishes the removal xii the benzoic add benzyl protection 
group and the reduction of as well the cinnarnic add double bond as the pyrimidine 
ring. 



A subject of the present invention are ttierefdre also the compounds the formulae li 
30 and XN which are valuable Intermediat s for the pr^aration of pharmacologically 
active compounds like the hemifumarate of the formula I or other salts of the 
compound of the formula IV. or of other compounds %«^ich contain a 4-<2-(1, 4,5,6- 
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tetrahydropyrimidin-2-ylearbarnoy|)9thyl}benzoyl moiety. A subject of the present 
invention are in particular the compounde of the formula XV, 




5 

in which Y is hydroxy, chlorine or bromine, and their salts. Examples of saKs of the ^ 
compounds of the formula XV are hydrogen ichioride salts or hydrogen bromide salts 
which may in particular be present in case Y is chlorine or bromine. The compound of 
the formula XV in which Y is hydroxy and wliich is not an add addition salt at the 

10 guanldlne moiety is also covered by the formula XV and by the present invention as 
an Inner salt (or betaine). Preferred compounds of the formula XV are those 
compounds in which Y is hydroxy or chlorine, and the salts thereof, I. e. 4-(2-(1, 4,5.6- 
tetrahydropyrimidin-2-ylcarbamoyl}ethyl)benzoic add and 4-(2-(1, 4,5,6- 
tetrahydropyrimidjn-2-ylcarbamoyl)ethyl)benzoyl chloride and their salts, in particular 

15 ttie hydrochloride salt in the case of the compound of the formula XV in which Y is 
chlorine. Further subjects of the present invention are the above-described 
exceptionally simple and highly efficient process for the preparation of 4-(2-(1, 4,5.6- 
tetrahydropyrimldin-2-ylcarbamoyl)ethyl)benzolc acid or a salt thereof by C 
hydrogenation of benzyl 4-<2-(pyrimidin-2-ylcarbamoyl)vinyl}benzoate or a salt 

20 thereof, as well as benzyl 4-(2-(pyrimidin-2-ylcarbamoyl)vinyl)benzoate of the formula 
Xlli or a salt thereof which is the starting material for said process. 

The compound of the formula I is a valuable pharmacologically active compound 
which is suitable, for example, for the therapy and prophylaxis of bone disorders, 

25 — tumor d is ea s e a, eafd ie vaaou l ar d i s or de rs or in f lamma tor y con d itio n s. Th e compound 

of th formula i can be administered to animals, pref rably to mammals, and in 
particular to humans as a pharmaceutical for therapy or prophylaxis. It can be 
administered on its own or in mixture with other pharmacologically active corr^unds 
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or in the form of pharmaceutical compositions which permit enteral or parenteral 
administration and which, a« active constituent, contain an efficacious dose of the 
compound of the formula I. 

5 The present invention therefore also relates to the compound of the formula I for use 
as a pharmaceutical, to the use cf the compound or me Tonnuia i rer tne proauciion or 
pharmaceuticals for the therapy and prophylaxis cf the diseases mentiorted above or 
beiow, for example for the therapy and prophylaxis of bone disorders, and also to the 
use of the compound of the formula I for the .therapy and prophylaxis of these 
, 1 0 diseases and to methods for such therapy and prophylaxis. The present Invention 
furthermore relates to pharma^Ulcai compositions (or pharmaceutipai preparations) 
which contain an efficacious dose of the coropound of the formula I and a customary 
pharmaceuticaliy acceptat)le carrier, i. e. one or more phamnaceutically acceptable 
carrier substances and/or additives. 

15 

The pharmaceuticals can be administered orally, for example in the form of pills, 
tablets, lacquered tablets, coated tablets, grar^uies, hard and soft gelatin capsules, 
solutions, syrups, emulsions, suspensions or aerosol mixtures. Administration, 
however, can also be earned out rectaily, for example in the form of suppositories, or 
20 parenteraliy, for example intravenously, intramuscularly or subojtaneously, in the 
form of injection solutions or infusion solutions, microcapsules, implants or rods, or 
percutaneously or topically, for example in the form of ointments, solutions emulsions 
or tinctures, or in other ways, for example in the form of aerosols or nasai sprays. 

25 The pharmaceutical compositions according to the invention are prepared in a 
manner known per se and familiar to those sicilled in the art, the compound of the 
fbmnula 1 being mixed with one or more pharmaceuticaliy acceptable inert inorganic 
and/or organic carrier substances (or excipients) and/or additives and, if desired, one 
or more other pharmaceuticaliy active compounds and being brought into a suitable 

30 administration form and dosage fbrm that can be used in human or veterinary 

medicin . For the production of pills, tablets, coated tablets and hard gelatin capsules 
it is possible to use, for example, lactose, coiin starch or derivativ<es thereof, taic, 
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stearic acid or its salts, etc. Carrier substances for soft gelatin capsules and 
suppositories are, for example, fats, waxes, semisolid and liquid polyols, natural or 
hardened oils, etc. Suitable carrier substances for the production of solutions, for 
example injection solutions, or of emulsions or syrups are. for example, water, 
6 alcohols, glycerol, polyols, sucrose, invert sugar, glucose, vegetable oils, etc. 
Suitable carrier substances for microcapsules, implants or rods are, for example, 
copolymers of giycoilc acid and lactic add. The pharmaceutical compositions 
normally contain about 0.5 to 90 % by weight of the compound of the fbrmula I. The 
amount of the active Ingredient of the formulla I in the pharmaceutical compositions 
1 0 normally is from about 0.2 mg to about 500 mg, preferably from about 1 mg to about 
200 mg but depending on the type of the pharmaceutical composition it may also be 
higher. 

In addition to the active Ingredient of the formuia I and carrier substances, the 
15 pharmaceutical compositions can contain additives (or auxiliary substances) such as. 

for example, fillers, disintegrants, binders, lubricants, wetting agents, stabilizers. 

emulsifiers, preservatives, sweeteners, colorants, flavorings, aromatizers, thickeners. 

diluents, buffer substances, solvents, solublllzers, agents for achieving a depot effect, 

salts for altering the osmotic pressure, coating agents or antioxidants. Furthermore, 
20 In addition the compound of the fbrmula i, they can also contain one or more other 

therapeutically or prophylacticatly active ingredients. 

The compound of the formula I in vivo is an Antagonist of the vitronectin receptor and 
inhibits cell adhesion, it has, for example, the ability to inhflsit the binding of 

25 osteoclasts to the bone surface and thereby Inhibit bone resorption by osteoclasts. 
The action of the compound of the formula I ban be demonstrated, fbr example, in 
the test described tielow. Because of its vitrajneetln receptor antagonistic activity ^e 
compourKi of the fbrmula i is generally sultatjie for the therapy and prophylaxis of 
diseases which are based on the interaction between vitronectin receptors and their 

30 ligands in cell-cell interaction processes or cell-matrix interaction processes, or v^lch 
can be influenced by an inhibition of interactions of this type, or fbr the prevention, 
alleviation or cure of which an inhibition of inlieractions of this type is desired. As 
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explained at the beginning, such interaction^ play a part, for example, In bone 
resorption, In angiogenesis or in the proliferation of cells of the vascular smooth 
musculature. The compound of the formula I Is therefore suitable, for example, for 
the prevention, alleviation or cure of diseasejs which are caused at least partially by 
5 an undesired extent of bone resorption, angfogeneeis or proliferation of ceils of the 
vascular smooth musculature. 

Bone diseases for whose treatment and prevention the compound of the fbrmula i 
can be employed are especially osteoporosis, hypercalcemia, osteopenia, for 
^10 example caused by metastases, dental disorders, hyperparathyroidism, periarticular 
enasions in rheumatoid artfiritis end Paget's disease. In addition, the compound of the 
formula I can be used for the aiievation, avoidance or therapy of bone disorders 
whidi are caused by a glucocorticoid, steroid or corticosteroid therapy or by a lack of 
sex hormone(s}. All these disorders are characterized by bone loss which Is based 

15 on the inequillbrium between bone formation and bone destaiction and which can be 
favorably influenced by the inhibition of bon^ resorption by osteoclasts. The 
compound of the formula I can also favorably be used as inhibitor of bone resorption, 
for example in the therapy or prophylaxis of osteoporosis, in combination with 
conventional osteoporosis treatments such ds, for example the administration of 

20 bisphosphonates, estrogens, estrogen/progesterone (hormone replacement therapy 
or HRT), estrogen agonists/antagonists (selective estrogen receptor modulators or 
SERMs), calcitonin, vitamin D analogues, pairathyrold hormone, growth hormone 
secretagogues, or sodium fluoride (cf. Jardir^ et ai., Annual Reports In Medicinal 
Chemistry 31(1 996) 211). Administration of the compound of the formula I and of 

25 other active ingredients effective In the treatment or prophylaxis of osteoporosis like 
those listed before can take place simultaneously or sequentially, in any ord^-, and 
jointly or separately. For use in such a combination treatment or prophylaxis the 
compound of the formula I and one or more ether active ingredients tike those listed 
before can together be present in a single pharmaceutical composition, for example 

30 tablets, capsules or granules, or can be present In two or m re separate 

phannaceutieal compositions which can be contained in a single package or in two or 
more separate packages. The use of the compound of the formula I in such a 
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combination therapy or propliylaxis and their use in the production of 
phamnaceuticais for such a combination therapy or prophylaxis are also subjects of 

i 

t\9 present invention. The invention furtherrtiore relates to pharmaceutical 
compositions which comprise an efficacious.emount of the compound of the formula I 
5 together with at least one other active ingredient effective in the treatment or 
prophylaxis of osteoporosis or in tne inniOition or oone resorpaon iiKe moss iisiea 
before, together with a customary pharmaceutlcally acceptable carrier. The atxive 
explanations on piiarmaceutieal compositiorls correspondingly apply to such 
pharmaceutical combinaUon compositions. 

10 « 
Apart from use as inhibitors of bone resorptibn by osteoclasts, the compound of the 
formula I can be used, for example, as inhibitors of tumor growth and tumor 
metastasis, as antiinflammatories, for tine therapy or prophylaxis of rheumatoid 
arthritis, for the therapy of psoriasis, for the therapy or prophylaxis of cardiovascular 

1 5 disorders such as arteriosclerosis or restendses, for the tfterapy or prophylaxis of 
neplvopathies or retinopatiiies suc^ as, for Example, diabetic retinopath/. As inhibitor 
of tumor growth or tumor metastasis the compound of the formula J can also 
favorably be used in combination with conventional cancer therapy. Examples of 
conventional cancer therapy are given in Bertino (Editor). Encyclopedia of Cancer, 

20 Academic Press, 1997 which is incorporated herein by reference. All the above 

statements relating to the use of the compound of fomnula I in combination with ^ 
conventional osteoporosis therapy lii^e, for eijcample, possible modes of 
administration and phamnaceutical combination compositions, correspondingly apply 
to the use of the compound of formula i in odmbination v^h conventional cancer 

25 therapy. 

Whan using the compound of the formula I, the dose can vary vtrithin wide limits and, 
as is customary, is to be suited to the individual conditions in each individual case. It 
depends, for example, on th nature and severity of the diseas and the general 
30 state of the individual to be treated, or on whether an acute r chronic condition is 
treated or whether prophylaxis is carried out In the case of oral administration, the 
daily dose is In general firom about 0.01 to about 100 mg/kg, preferably from about 
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0.1 to about 50 mg/kg, in particular from about 0.1 to about 5 mg/kg, to achieve 
effective results In an adult weighing about 75 kg (In each case In mg per kg of body 
weight). Also In the case of intravenous administration the daily dose Is in general 
from about 0.01 to about 100 mg/kg, preferably from about 0.05 to about 10 mg/kg 
5 (in each case in mg per kg of body weight). The daily dose can be divided, in 
particular In the case of the administration Of relatively large amounis, inio several, 
for example 2, 3 or 4, part administrations. As usual, depending on individual 
behavior it may be necessary to deviate upwards or downwards from the daily dose 
indicated. 

10 

The compound of the formula I can furthermore be employed for diagnostic purposes 

■ 

or as auxiliary in pharmacologicsd or biocherhlcai investigations in which blocking of 
the vitronectin receptor or Influencing of cell-ceii or cell-matrix Interactions ia desired. 

15 

Examples 

1) 4-Benzyloxycarbonylcinnamic acid 

20 a) Benzyl 4-forrTTylbenzoate 

304 g (2 mol) of 4-formylbenzoic acid were dissolved In 1 i of dimethylformamide 
(DMF), 304 g (2.2 mol) of potassium carbonate were added and then over a period of 
30 min 261 mi (2.2 mot) of benzyl bromide wjere added at about 40*C (exothermic 
reaction). The mixture was stirred for further 4 h at 40»C to 45*C. Then the reaction 

I 

25 mixture was poured into 3 1 of ice-water and extracted for times with 1 1 each of ethyl 
acetate. The combined organic layers were dried over sodium sulfate, filtered and the 
ethyl acetate removed in a rotary evaporator:at reduced pressure. 503 g of an oil 
were obtained. The crude product was used directly in the next reaction step. 



30 b) 4-Benzyloxycarbonylclnnamie acki 

245 g (2.4 mol) of malonic acid were dissolved In 360 ml of pyridine (exothermic, 
temperature raised to about SO'C). Then 503 g of the crude benzyl 4-1iormylbenzoate 
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obtained in step a) and 20 ml of piperidine were added, and the mixture was heated 
to reflux until the production of carbon dioxide had ceased (about 7 h). The mixture 
was cooled to room temperature, then 2 i of water were added and the product was 
predpitated by acidification of the stirred mixture with ca. 600 ml of concentrated 
hydrochloric acid to plH 1.8 at 10'C. The precipitated product was filtered off, washed 
with water and dried at sq'G under reduced pressure. (;omDined yield or step a} and 



step b): 529.1 g (97 %). 
MS (CI): 283.2 (M^H)* 

^H-NMR (DMSO-De): 6 (ppm) = 12.58 (s, broad, 1H); 8.02 (d, 2H); 7.85 (d, 2H); 7.66 
10 (d, 1H); 7.55 - 7.30 (m, 5H); 6.70 (d. 1H); 5.38 (s, 2H) 

2) Benzyl 4-<2-(pyrlmidin-2-ylcarbamoyl)vlnyi}t}enzoate 

282.3 0 (1 Tioi) of 4-ben2yloxycarbonyicinna;mic acid were suspended in 2 i of 
1 S toluene and 1 08 ml (1 .48 mol) of thionyl chloride were added. The mixture was 
reacted for about 7 h until the production of sulfur dioxide had ceased ar>d a dear 
solution of the add chtoride was obtained. The solvent was removed under reduced 
pressure in a rotary evaporator. The residue was dissolved In 1 1 of dichloromethane 
and added dropwise during 1 h to a solution of 95.2 g (1 mol) of 2^minopyrimidln» 
20 and 81 ml (1 mol) of pyridine In 2 i of dichloromethane at 0"C to 5*C. The reaction 
mixture was stirred for 1 h at room temperature and then evaporated under reduced 
pressure in a rotary evaporator. The residue was dissolved in 2.5 1 of hot ethanoi, 
then 1.5 1 of water were added and the mixture was cooled slowly to 0*C to 5*C 
whereupon the produd predpitated. The product waa filtered, washed with water and 
25 dried at 60'C under reduced pressure. Yieldf 31 7. 1 g (88 %) 
MS (ES): 360.2 iM*H)* 

^H-NMR (DMSO-Ds): 6 (ppm) » 10.85 (s, broad. 1 H); 8.72 (s. 1H); 8.68 (s. IH); 8.02 
(d. 2H): 7.85 (d, 2H); 7,65 (d, IH); 7.56 - 7.18 (m, 7H).* 5.38 (s, 2H) 



30 3} 4-(2-(1 ,4,5.6-Tetrahydropyrimidin-2-ylcarbamoyl)ethyi)benzoic acid 
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306 g (0.85 mol) of benzyl 4-(2-(pyrimidin-2-ylcarbamoyl)vinyl)b nzoate were 
hydrogenated in a 20 1 BQchi autoclave in 6 I of 20% aqueous acetic ackt in the 
presence of 25 g of 10% palladium/charcoE^ at 40*C under a hydrogen pressure of 2 
bar. After 6 h and uptake of 65.76 1 of hydrogen the reaction was finished. After 
5 standing overnight the mixture was warmed to 70*C and the catalyst filtered off. The 
autoclave was washed with 3 1 of 20% acjueous acetic acid at 70'C. The catalyst was 
washed with 1.6 J of 20% aqueous acetic add at 70*C. The filtrate was evaporated 
under reduced pressure in a rotary evaporator and the residue was dissolved Inl I of 
water \A^th heating. Upon cooling to room temperature the product precipitated. The 
10 mixture was cooled to 0"C to 5"C, the product was filteied off, washed with cold 
water and dried under reduced pressure at 50*C. Yield: 212 g (90.6 %) 
MS (ES): 276.1 (M+H)* 

^H-NMR (trifluoroacetic acid}: 5 (ppm) - 11.S5 <s); 6.15 (d. 2H): 7.40 (d, 2H); 3.62 
(dd, 4H}; 3.18 (dd, 2H); 2.85 (dd, 2H); 2.15 (m. 2H} 

15 

4) 4^2-(1.4,5,6-Tetrahydropyrlmidin-2'^oarbamoyi)ethyl)benzoyl chloride 
hydrochloride 

11 0.2 g (0.4 mol) of 4-(2-(1,4,6,6-tetrahydropyrimidin-2-ylcarbamoyl)ethyl)benzoic 
20 acid were suspended in 1 .5 i of toluene, then 35 mi of thionyl chloride were added 
and the mixture was heated to 70*C for 2 h. Then further 16 ml of thionyl chloride 
were added and heating was continued until the evolution of sulfur dioxide had 
ceased. The almost clear solution was evaporated to dryness to give 139.5 g of the 
crude title compound as a yellow powder. This product was directly used In the 
25 subsequent reaction. 

M$ (FAB): 294.1 iiM*H)* of the f^e base) 

^H-NMR (CDCb): 5 (ppm) « 13.05 (s, broad, =1H): 9.35 (8, broad. 2H); 8.05 (d. 2H): 
7.40 (d, 2H); 3.50 (m. 4H); 3. 1 0 (dd. 2H); 2.95 (dd. 2H): 2.05 <m, 2H) 



30 5) (2$)-3-Carbamoyl-2-(naphthalene-1 -sulfonylamino)propionic add 
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132.12 s (1 mol) of (S}-a8p8raoine were dissolved in a mixture of 800 ml of water 
and 500 ml of 2 N sodium hydroxide. Then 500 ml of tetrahydrofuran ware added. 
The mixture was oooied to 0*C, and while keeping the pH at 12.0 - 12.5 with 2 N 
sodium hydroxide a solution of 226.7 g (1 mol) of naphthalene-1-suifonyl chloride in 
5 500 ml of tetrahydrofuran was added within i h. The mixture wae stirred for 1 h at 
O'C white maintaining the pH at 12.5. Then the mixture was allowed to warm to room 
temperature, stirred for further 2 h and left at room temperature overnight. The pH 
was adjusted to about 7 with concentrated hydrochloric acid and the tetrahydrofliran 
was removed in vakuum in a rotary evaporator. The remaining aqueous solution was 
10 cooled to 0"C and with stirring acidified to pH 1 .8 by addition of concentrated 

hydrochloric acid. After stirring for 30 min at 0*^0 the precipitated product was filtered 
off. washed with water and dried in vacuo at 40"C. Yield: 240 g (75 %} 
MS (ES): 323.1 (Mt-H)* 

^H-NMR (DMSO-Ds): 8 (ppm) » 12.50 (s, IH); 8.65 (d. 1H); 8.35 (d, 1H); 8.20 (d, 1H); 
16 8.17 (d, IH); 8.09 (d, 1H); 7.80 - 7.60 (m, 3H); 7.28 (s, 1H); 6.82 (6. IH); 4.15 (m, 
IH); 2.45 (dd, IH}; 2.23 (dd. IH) 



6) (28)-3-Amino-2-<naphthalene-1-sulfonylamino)propionic add 

20 To a stirred solution of 148 g (4.1 mol) of sodium hydroxide in 940 ml of water 26 ml 
(0.5 mol) of bromine were added over 45 mih at 0*C. Then, separately, 129 g (0.4 
mol) of (2S)-3-cari3amoyl-2-(naphthalene>l«8uifonylamino)succinie add were 
dissolved in 400 ml of 2 N sodium hydroxide^and further 16 g of eodlum hydroxide 
were added. This solution was cooled to 5*C and added with vigorous stirring to tlie 

25 previously prepared sodium hypobromite solution while maintaining the temperature 
of the reaction mixture below iO'C. The mixture was stirred for further 15 mIn at 10'C 
and then warmed within 30 min to ^S'C. Then heating was removed and an 
exothermic reaction proceeded fbr about 1 h^with a peak temperature of about 50*C. 
When the exothermic reaction had ceased the mixture was heated within 20 mIn to 

30 70*0 and maintained at this temperature for 1 0 min. Then the reactksn mbctura was 
cooled to 40'*C and at this temperature acidified to pH 6.8 with 330 ml of 
concentrated hydrochloric acid wher upon the product precipitated. After standing 
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overnight at room temperature, the mixture vj/as cooled to 1 0'C, th product filtered 
off, washed with water and dried in vacuuo. Hield: 97.7 g (83 %), 
MS {FAB): 295.0 (M+H)* 

^H-NMR (DMSO-Ds): 6 (ppm) « 8.58 (d, 1H)J 8.25 (d, 2H); 8.09 (d, 1H); 7.90 (8. very 
5 broad, 3H): 7.80 - 7.60 (m, 3H); 3.35 (s. very broad. 2H); 3. 1 8 (m. 1 H): 3.05 (dd. 1 H); 
2.82 (dd. 1H) 

7) Ethyl (2$)-3-amino-2-(naphthalene-1«8ulf(|)nylamino}propionate hydrochloride 

10 147.2 g (0,5 mol) of (2S}-^mino-2-(naphth^lene-1-suifonyiamino}propionic add 
were suspended in 1 1 of ethand and hydrogen chloride gas was Introduced into the 
mixture fbr about 2 h whereupon the temperature increased to about 35*C and a 
clear solution was obtained. Then the mixturis was evsy^orated in vacuo in a rotary 
evaporator. The residue was dissolved in hot ethanol and diiisopropyl ether was 

15 added until precipitation of the product startdd.The product was allowed to crystallize 
overnight at room temperature. The title hydrochloride was filtered off, washed with 
diisopropyi ettier and dried In vacuo. Yield: 148 g (63 %}. 
MS (ES): 323.2 ((M-fH/ of the free base) 

*H-NMR (OMSO-De): S (ppm) « 8.95 (s, brodd, IH); 8.63 (d, 1H>: 8.40 • 8.20 (m. 3H); 
20 8.13 (d. 1 H); 8.09 (d. 1 H); 7.80 • 7.60 (m. 3H); 4.12 (m. 1 H); 3.50 - 3.36 (m. 2H): 3.08 
(dd, 1 H); 2.92 (dd, 1 H); 0.55 (t, 3H) 

6) Ethyl (2S)-2-(naphthalene-1-8uifonylamin6)-3-(4«(2-(1 ,4,5,6-tetFahydropyrimidin-2- 
yicart>amoyl)ethyl)benzoylamino)|Mt)pionate hemifumarate 

25 

25.1 g (0.07 mol) of ett^i (2S)-3-amino-2-(nsiphthalene-1-suifbnylamino)propionate 
hydrochloride were dissolved in 100 mi of di^hloromethane by addition of 17.7 g 
(0.21 mol) of sodium bicarbonate in 30 ml water. Then under vigourous stirring 23.2 g 
(0.07 mol) of 4-(2-(1,4,5,&-tetrahydropyrlmidin-2-yicarbamoyl)ethyl)benzoyl chloride 
30 hydrochloride were added In portions within 30 min. The reaction mixture was stirred 
for further 1 h and then the layers were separated. The organic layer was extracted 
with bicarbonate solution and water and then dried over sodium sulfate. Tlie eodium 
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sulfate was filtered off and washed with dichloromethane. The filtrate was 
concentrated to about 100 tnl and 4.1 g (0.035 moi) of tumeric acid were added to 
the obtained dichloromethane solution of ethyl <2S)-2-(naphthalene-1-sulfonyiamino)- 
3-<4-(2-(1,4,5,6-tetrahydropyrim!din-2-ylcarb^meyl)ethyl)benz^amine}prDp]onate. 
5 The mixture was heated to reflux until a clear solution was obtained. Upon cooling 
me tiue nemirumaraxe sianeo lo preapitate. Hrecipiiauon was compietea oy aaaition 
of 300 ml ethyl acetate. The product was collected by filtration, washed with ethyl 
acetate and dried. Yield: 35.5 g (79.5%). Melting point 201 *C. 
MS (FAB): 580.3 ((M^-H)* of the free base) 
10 ^H-NMR (DMSO-De): 8 (ppm) = 9.73 {s, broad, 1H); 8.8 (s, very broad, 1 H); 8.63 (d, 
1H); 8.33 (1. 1H); 8.16 (d, 1H); 8.09 (d, 1H); 8.01 (d, 1H); 7.72 - 7,50 (m, 5H); 7.24 (d, 
2H); 6.50 (s, 1H); 4.08 (t, 1H); 3.66 - 3.45 (m, 4H); 3.34 (q, 2H); 3.27 (t, 4H); 2.88 
(dd, 2H); 2.59 (dd, 2H); 1.79 (m, 2H); 0.79 {( 3H) 

15 9) Pharmacological testing: PTH-induced hypercalcemia in the TPTX rat model of 
bone rasorptiCMi 

In this in vivo model a stimulation of bone resorption is induced in 
thyroparathyroidectomlzed (TPTX) rats by thie infusion of parathyroid honmone 
20 (PTH). The changes in bone resorption are rhonitored by measuring the serum 
calcium ooncentration which is directly relateid to the extent of bone resorption. 

Male Sprague Dawley rats (OFA-IFFA CREDO, France) weighting 150 - 200 g were 
thyroparathyroidectomized by the supplier. The rats were allowed free access to a 
25 standard commercial pelleted diet containing 7 g Ca/kg (UAR) and Eau de VoMc 
water. The success of thyroparathyroldectomy was tested by measuring senim 
calcium concentrations 8 dsys after operation in overnight fasted animals. Rate were 
considered as TPTX when the serum caidurh level was < 80 mg/l. 
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For treatment with PTH, rat PTH(1-34) (Bachem) was dissolved in 0.15 M sodium 
chloride solution containing 2 % Cys-HCI and delivered via osmotic minipumps 
(ALZET 20010) at 200 pmol/kg/h. The minipumps w re ins rted into th 
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intraperitoneal cavities under ketamin (75 mg/kg) and acepromazin (2.5 mg/kg) 
anestliesia in overnight fasted TPTX rats. In the oorrtroi group TPTX rats received 
minipumps filled with the vehicle of PTH. 

5 To determine the effect of the compound of formula I, PTH treated TPTX rats were 
— adm i nistered twice 10 mg/Kg - oT this eompouhd peroraliy at i i we o and 3 h after the — 
start of PTH infusion (compound group). In the same manner PTH treated TPTX rats 
were administered the vehicle (PTH group), and TPTX rats not treated with PTH 
were administered the vehicle (control group!). The experiment was perfomned for a 
0 total of 6 hours. At the end of the treatment protocol, whole blood was collected after 
decapitation. The blood samples were centrifugated at 3000 rpm for 15 min (CR422 
Jouan) to obtain samm. 

Serum total calcium concentrations (= caloei^ia) were measured oolorimetrlcally 
5 (Ciba-Coming) using a lEMS Labsystems mteroplate reader at 540 nm. The 
differences between the mean values of caldemla in the groups were analysed for 
variance and by Dunnett's test The activity of the test compound was calculated as 
% effect according to the formula: 

Calcemia (esmpeumt group) — Calcsemia (PTHaraup) 

% effect = : X 100 

Calcemia (pth group) — Calcemia (control group) 

The % effect observed with the compound of formula I administered peroraliy twice at 
10 mg/kg was -45 %. This in vivo result shows (hat the compound of formula I is a 
highly efficient inhibitor of bone resorption. 
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Patent claims 



1 . Ethyl (2S)-2-(naphthalene-1 -suironylamin^)-3-<4-(2-(1 ,4.5.6-tetrahydropyrimidin-2- 
ylc8rbamoyl)ethyl)benzoylamino)propionate^emifumarate of the formula I. 

5 




2. A phanmaceutical composition, comprisini) the compound of thefomiula I as 
claimed In dalm 1 and a phamnaceutically acceptat}ie carrier. 

10 

3. A process for the preparation of ethyl (2S^2-(naphthalene-1-sulfonylamlno)-3-(4- 
(2-<1 ,4,5,6-tetrahydropyrimidln-2-ylcarbamoyi)ethyl)benzoyiamino)propionate of the 
formula IV or a salt thereof, comprising reacing 4-(2-<1,4,S.6-tetrahydropyrimidin-2- 
ylceri3amoyl)efthyl}t)enzolc add or a derivativie thereof of the formula II wherein X Is 

1 5 hydroxy or a leaving group, and ethyl (2S)-3^mino-2-(naphthalene-1- 

sulfonylamlno}propionate of the formula 111, or a salt or salts of any one or both of 
these compounds. 




. 4. The process as claimed in daim 3. characterized in that X Is CI. 

5 5. The process as claimed In daims 3 and/or 4, characterized in that subsequently to 
the reaction of the compounds of the formulae II and 111 an add Is employed and an 
acid addition salt of the compound of formula (V with said acid is prepared. 

6. The process as daimed In one or more of claims 3 to 5, characterized In that ethyl 
1 0 (2S)-2-{naphthalene-1 -8ulfonylamino)-3-(4-(i-(1 ,4,5.6-tetrahydropyrimidln.2- 

ylcart)amoyi)ethyl)benzoylamino)propionate hemifumarate is prepared. 

7. A compound of the fonnula XV, 
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wherein Y is hydroxy, chlorine or bromine, of a salt thereof. 

8. A compound of the formula XV as claimed In claim 7 which is 4^2^(1, 4,5,&- 
tetrahydropyrlmidin-2-ylcarbamoyl)eihyl}beraoic add or 4-(2-(1 .4.5,6- 

5 tetrahydropyrlmidin-2>ylcarbamoyl)ethyl}t)enzoyl chloride or a salt of any of these 
compounds. 

9. Benzyl 4-<2-(pyrimidin-2-ylcarbamoyl)viny))benzoate of the formula XIII or a salt 
thereof. 

10 




XIII 



10. A process for the preparation of 4.(2-(l,4,5,6-t8trahydropyrimidirv2- 
ylcart>amoyl)ethyl)benzoic add or a salt thereof, comprising hydrogenatfng benzyl 4- 
1 5 (2-<pyrimidirv-2-ylcarbamoyl)vinyl)benzoate or a salt thereof. 
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Abstract 



Ethyl (2S)-2-(naphthalen©-1 -8ulfony!amino)-3-(4-{2-(1 ,4,5,6-tetrahyclropyrimid^n•2- 
ylca^barnoyl)ethyr)benzoylarrlirlO)p^opionate■hemifumarate, a process and 
5 intermediates for its preparation, and its use'as a pharmaceutical 
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The present invention relates to ethyl (2S)-2j(naphthalene-1-8ulfonyiamino)-3-(4-(2- 
(1,4,S,&'tetrahydropyrimidin«2-ylcarbamoyl)^yl)benzoylamino)propionate 
hemifumarate of the formula I, 

O O ; 




and to a process for its preparation comprising reacting 4-(2-( 1,4,5,6- 
tetrahydropyrimidin-2-ylcarbamoyi)ethyl)t>eru:oic acid or a derivative thereof and ethyl 

1 5 (2S)-3-amlnc-2-(naphthalene-1-sulfonylaminb)propionale. The compound of the 
formuia i is a valuable pharmaceutical whichican be used, for example, in the 
treatment or prophylaxis of diseases which can be influenced by inhibiting the 
vitronectin receptor, in particular of bona diseases such as osteoporosia. The 
invention furthermore relates to chemical intermediates useful for the preparation of 

20 Vhe compound of formula I. 



